Introduction {#Sec1}
============

The incidence of hip dislocation at birth has been reported as one in 1000 births, and the incidence of hip subluxation or dysplasia reported as ten in 1000 births.^[@CIT0001]^ Proper geometric development of the hip joint in childhood is dependent on the presence of a spherical femoral head positioned within the acetabulum. Natural history studies have shown that untreated subluxation leads to early degenerative joint disease in the hip and untreated bilateral dislocations can lead to excessive lumbar lordosis and chronic low-back symptoms.^[@CIT0002]^ Early detection and treatment of developmental dysplasia of the hip (DDH) is critical for the best chances of obtaining a well-functioning, pain-free hip joint well into adulthood, and research has shown that a child's age at initial reduction is correlated to radiographic outcomes.^[@CIT0003]^

Previous studies have shown that many disparities exist in paediatric medical and dental care among different racial/ethnic backgrounds. In a study looking at the National Survey of Children's Health data, Latinos, Asian/Pacific Islanders and Native Americans were found to have significantly higher odds of encountering difficulty obtaining specialty care.^[@CIT0004],[@CIT0005]^ The same authors also found discrepancies in medical care between children in households that were primarily English-speaking and those which were non-English-speaking. Children from non-English-speaking households were reported to have increased problems obtaining specialty care (40% *vs* 23% in English-speaking households).^[@CIT0006],[@CIT0007]^

Medicaid health insurance coverage has also been shown to affect access to paediatric specialty care. A study conducted in Chicago, United States, evaluating eight different paediatric subspecialties, including orthopaedics, found disparities across the board for private *versus* public insurance. Specifically for orthopaedics, of 40 offices contacted, 98% would see a patient with private insurance, but only 20% would see the same condition if the patient had public insurance.^[@CIT0008]^ Similar studies have uncovered similar disparities in other cities.^[@CIT0009],[@CIT0010]^ However, these studies primarily focus on paediatric fracture care, and to our best knowledge, there are no similar studies addressing insurance status and care of orthopaedic issues such as DDH.

DDH is a fairly common paediatric orthopaedic disorder, and early detection and treatment will continue to be a key factor in reducing both lifetime healthcare costs as well as long-term patient disability. The goal of our current study was to evaluate the relative proportions of different racial, ethnic and language backgrounds between early-presenting and late-presenting DDH patients and assess differences in socioeconomic status using median income and insurance indicators. We suspected that the late-presenting patients would be disproportionately non-white, Hispanic, non-English speakers and come from poorer communities and be more likely to be covered by public insurance, such as Medicaid. As we continue to see and treat a multitude of cases of late-presenting DDH, this study aims to identify more clearly some factors associated with late diagnosis so that these areas can be targeted for better educational and diagnostic outreach.

Patients and methods {#Sec2}
====================

We conducted a retrospective chart review to evaluate all patients presenting for the first time to the orthopaedics clinic at a tertiary paediatric hospital with the diagnosis of DDH during a five-year period from July 2006 to June 2011. Patients were identified using ICD-9 codes from billing records after Institutional Review Board (IRB) approval. For this type of study, formal consent is not required. Charts of patients identified were individually screened to ensure they met the inclusion criteria of a diagnosis of hip dysplasia and/or dislocation and had their initial clinic visit during our study timeframe. Exclusion criteria disqualified patients whose treatment (orthotic or surgical) was initiated at an outside facility, patients who had abnormal exam or ultrasound findings in the early neonatal period but normalised without additional treatment within the first 12 weeks of life, and hip dysplasia/dislocation associated with other disorders (i.e. myelomeningocele, cerebral palsy, arthrogryposis, skeletal dysplasias and other teratologic causes). Patients were divided into two groups based on age at initial presentation to the clinic. Early presentation DDH was defined as children presenting prior to age six months, while late-presenting DDH was defined as presentation at six months of age and older. The choice of the six -month age cutoff was selected as the failure rate of Pavlik harness treatment exceeds 50% after that age.^[@CIT0011]^

Study variables were collected from medical charts as well as hospital demographics data. In our institution, language spoken at home is consistently documented. Race was categorised as 'white", 'non-white' and 'refused to indicate' based on information provided by the families. Ethnicity was similarly recorded as 'non-Hispanic', 'Hispanic' and 'refused to indicate'. Insurance was categorised as 'public' for Medicaid and its affiliated programs and the remainder of insurance plans were considered 'private'. Patient's home zip codes were used to calculate distance from our institution using readily accessible online distance calculators. Zip codes were also used in conjunction with publicly available United States Census data through the American FactFinder website (factfinder2.census.gov) to search mean household income. Other data points with known association with DDH were collected from the medical record, such as gender, family history and birth presentation (vertex *vs* breech).

Statistical analysis {#Sec3}
--------------------

For categorical variables, we give the relative frequencies (percentages). For the quantitative variables, we provide the estimated means and standard deviations. We also provide bivariate tests of associations between each key characteristic and late presentation. We used *t*-tests for unequal variances for the quantitative characteristics and Chi-square tests for the categorical characteristics. In the first model, we ran a list-wise logistic regression analysis. However, with 32% of missing data among the predictors, it seemed reasonable to use multiple imputation in a second model. Statistical significance was set at p ≤ 0.05 and all confidence intervals at 95%.

Results {#Sec4}
=======

A total of 457 (82.9% female, 17.1% male) patients were included in the study. There were 378 (83%) early presentations and 79 (17%) late presentations. Among the early presentations, 59% were white, 20% were non-white and 21% refused to indicate. Bivariate analysis determined the average income for early presentations was significantly higher than the average income for late presentations (\$70 769 *vs* \$61 591, p \< 0.001). Non-whites were more likely to present late than whites (65% *vs* 45%, respectively, p = 0.004). Non-English speakers were significantly more likely to present late than early (20% *vs* 8%, p = 0.003). Late presentations were significantly more likely to be vertex than early presenters (85% *vs* 41%, p \< 0.001). Late presenters were also more likely to have public insurance than private (41% *vs* 21%, p \< 0.001). Patients with bilateral DDH (57%) were less likely to present late than those with unilateral DDH (p \< 0.001). Ethnicity and family history were not significant predictors. [Table 1](#T1){ref-type="table"} shows these results.

###### 

Bivariate analysis of key characteristics.

  Characteristic       Early (%)   Late (%)   p value
  -------------------- ----------- ---------- ---------------------------------------------
  Income (median)      \$70769     \$61 591   \< 0.001[^\*^](#fn1_1){ref-type="table-fn"}
  Race                                        0.004[^\*^](#fn1_1){ref-type="table-fn"}
  *White*              59          48          
  *Other*              20          37          
  *Refused*            21          15          
  Ethnicity                                   0.147
  *Non-Hispanic*       68          50          
  *Hispanic*           12          13          
  *Not indicated*      19          8           
  English language                            0.003[^\*^](#fn1_1){ref-type="table-fn"}
  *No*                 8           20          
  *Yes*                92          80          
  Birth presentation                          \< 0.001[^\*^](#fn1_1){ref-type="table-fn"}
  *Vertex*             41          85          
  *Breech*             59          15          
  Side                                        \< 0.001[^\*^](#fn1_1){ref-type="table-fn"}
  *Right*              10          24          
  *Left*               28          41          
  *Bilateral*          61          35          
  Insurance type                              \< 0.001[^\*^](#fn1_1){ref-type="table-fn"}
  *Private*            79          59          
  *Public*             21          41          
  Family history                              0.236
  *No*                 77          83          
  *Yes*                23          17          

significant at p \< 0.05

We used these key characteristics in a list-wise logistic regression model to determine the effects of these variables on late or early presentation. The list-wise analysis identified birth presentation (p \< 0.001) and family history (p = 0.005) as being significantly associated ([Table 2](#T2){ref-type="table"}). However, because there was a high percentage of data missing (32%), we used multiple imputation to minimise the bias. In the second model, after accounting for missing data, birth presentation, side of presentation and family history had a significant effect on late presentation. The odds of presenting late with breech birth was 0.16 times the odds of those with vertex presentation after accounting for race, ethnicity, insurance type, income, state of residency, family history and side of presentation (odds ratio (OR) = 0.16, 95% confidence interval (CI) = 0.07-0.36; p = 0.000). The odds of late presentation for children with a family history of DDH was 0.48 times the odds for those without history (OR = 0.48, 95% CI = 0.23-0.99; p = 0.005). The odds of late presentation for children with left affected side was 0.26 times the odds of those with right side (OR = 0.26, 95% CI = 0.12-0.58; p = 0.001) ([Table 3](#T3){ref-type="table"}).

###### 

List-wise logistic regression.

  Characteristic                OR     SE     95% Confidence intervall   p value   
  -------------------- -------- ------ ------ -------------------------- --------- ------------------------------------------
  Income                        0.85   0.17   0.58                       1.27      0.433
  Race                                                                             0.400
  *White*              (ref.)   1.00                                                
  *Other*                       1.33   0.65   0.51                       3.49       
  *Refused*                     0.31   0.35   0.03                       2.84       
  Ethnicity                                                                        0.690
  *Non-Hispanic*       (ref.)   1.00                                                
  *Hispanic*                    0.65   0.41   0.19                       2.24       
  *Not indicated*               1.72   1.97   0.18                       16.1       
  English language                                                                 0.685
  *No*                 (ref.)   1.00                                                
  *Yes*                         1.31   0.88   0.35                       4.87       
  Birth presentation                                                               0.001[^\*^](#fn2_1){ref-type="table-fn"}
  *Vertex*             (ref.)   1.00                                                
  *Breech*                      0.06   0.03   0.02                       0.16       
  Side presentation                                                                0.159
  *Right*              (ref.)   1.00                                                
  *Left*                        0.64   0.35   0.22                       1.86       
  *Bilateral*                   0.39   0.20   0.14                       1.09       
  Insurance type                                                                   0.153
  *Private*            (ref.)   1.00                                                
  *Public*                      1.94   0.90   0.78                       4.83       
  Family history                                                                   0.005[^\*^](#fn2_1){ref-type="table-fn"}
  *No*                 (ref.)   1.00                                                
  *Yes*                         0.27   0.13   0.11                       0.67       

OR, odds ratio; SE, standard error

significant at p \< 0.05

###### 

Logistic regression using multiple imputations technique.

  Characteristic                OR     SE     95% CI   p value   
  -------------------- -------- ------ ------ -------- --------- ------------------------------------------
  Birth presentation                                             0.000[^\*^](#fn3_1){ref-type="table-fn"}
  *Vertex*             (ref.)   1.00                              
  *Breech*                      0.16   0.40   0.07     0.36       
  Side                                                           0.001[^\*^](#fn3_1){ref-type="table-fn"}
  *Right*              (ref.)   1.00                              
  Left                          0.26   0.40   0.12     0.58       
  *Bilateral*                   0.12   0.40   0.14     1.09       
  Family history                                                 0.005[^\*^](#fn3_1){ref-type="table-fn"}
  *No*                 (ref.)   1.00                              
  *Yes*                         0.48   0.12   0.23     0.99       

OR, odds ratio; SE, standard error

\* significant at p \< 0.05

Discussion {#Sec5}
==========

The current guidelines from the American Academy of Pediatrics outline their recommendations for screening of all newborns' hips with physical examination and an algorithm for repeat examination, orthopaedic referral and radiographic evaluation.^[@CIT0012]^ Recently, the American Academy of Orthopedic Surgeons recommended performing an imaging study before six months of age in infants with one or more of the following risk factors: breech presentation, family history or history of clinical instability. They also highlighted the lack of evidence to support universal ultrasound screening of newborns.^[@CIT0013]^

In other countries, particularly in Europe and Australia, universal ultrasound screening is done to try to capture all cases of DDH in infancy, but the debate between universal *versus* selective ultrasound screening is ongoing.^[@CIT0014],[@CIT0015]^ A recent Cochrane review found that neither of the ultrasound strategies have been demonstrated to improve clinical outcomes including late diagnosed DDH and surgery.^[@CIT0016]^ Further conflicting information regarding the optimal screening procedure for DDH has arisen after the United States Preventive Services Task Force found insufficient evidence to recommend routine DDH screening, including physical examination.^[@CIT0017]^

More recently, authors using decision-analysis modeling concluded that for the goal of a non-arthritic hip at age 60 years, the optimal screening strategy was to screen all newborns with physical examination and use ultrasonography selectively for patients with positive physical exam, breech presentation or family history.^[@CIT0018]^ It is difficult to ascertain the 'normal' rate of missed DDH diagnoses in neonates, but a large randomised controlled trial in Norway looking at ultrasonographic screening found that the prevalence of late subluxation/dislocation was 0.3 in 1000 for universal ultrasound screening, 0.7 in 1000 for selective ultrasound screening and 1.3 in 1000 for no ultrasound screening.^[@CIT0019]^ In our study, we found that breech infants and patients with known positive family history of DDH were significantly less likely to present late with DDH even after factoring in other variables. These findings can be interpreted as a sign that our current screening algorithms are working for these known high-risk populations since these children are over-represented in the early presentation group. Similarly, Azzopardi et al reported that breech presentation and delivery by Caesarean section were protective for late diagnosed DDH in Australia.^[@CIT0020]^

Race and language differences were detected in our study group between early and late DDH groups in bivariate analyses, but these effects were no longer significant with multivariate analysis, suggesting that the relationships are more complex. Non-white race and foreign language-speaking household are often correlated with each other, likely decreasing the chances that either factor would be an independent predictive factor in multivariate analysis. Additionally, reports of relationships between family income and access to paediatric orthopaedic care are scarce, most likely due to the difficulty in obtaining reliable data through chart review. In our study, we used publicly available census data based on home zip codes as a proxy for income since we do not routinely collect household income data directly. Public health insurance and family income are inextricably linked factors. Although our method of gauging family income by using census data is imprecise, the associations between public insurance and income to late DDH presentation seen in our current study suggest that these patient factors are relevant and need further investigation.

Our inclusion of five years of new DDH patients in this study design did allow for the capture of a relative large number of late-presenting cases (79 separate patients) which accounted for one in every six new cases. In this study, we found, by bivariate analysis, that there are associations between demographic characteristics and late presentation. However, they should be interpreted with caution as they do not control for confounding factors. More compelling results come from the logistic regression model using multiple imputations, which considers the key characteristics simultaneously ([Table 3](#T3){ref-type="table"}). Vertex birth presentation, side of presentation (right) and absence of family history seem to be the predictors of late presentation. One limitation of our study is the reliance on a retrospective design which limited our available data, especially with demographic information. In multiple instances information on patients' race, ethnicity and home language were not reported by the families or not recorded at the point of registration. Almost all of the 32% missing data elements were related to one of these demographic characteristics, but we were able to use the statistical technique of multiple imputation in order to perform multivariate analysis.

Although ethnicity, race, median income and language are not independent risk factors for late presentation once factored into multivariate analysis, our data suggest they are still relevant factors to consider for DDH screening and diagnosis. Further studies may help support promotion of screening outreach to these populations that may not be physiologically at risk of DDH like breech patients or patients with a family history of DDH, but may be demographically at risk of having their DDH missed during routine screening. Effective screening, however, is highly dependent on the ability and confidence of the primary care provider (PCP) in conducting the hip examination and following the proposed algorithms. Multiple studies have demonstrated that education in musculoskeletal issues is suboptimal in both medical school and primary care residency curricula.^[@CIT0021]-[@CIT0024]^ Furthermore, non-physicians have been found to have a greater propensity for providing primary care to underserved populations.^[@CIT0025]^ Increased educational outreach to cover all types of paediatric primary care providers, including advanced practice providers such as physician assistants (PAs) and nurse practitioners (NPs), may be a straightforward target for improving early diagnosis of DDH.

More research is needed to evaluate the relationships of different factors affecting access to care so that better outreach programs can be deployed. Once we can better understand how different patient factors play into the reliability of access to care for DDH, we will be able to target our outreach efforts more effectively and can also reconsider our algorithms for physical examination and ultrasound screening programs.
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